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lu  the  following  pages  are  compiled  a  number  of  diagrams  and  con- 
cise tables  relating  to  bevel,  spiral  and  worm  gearing,  carefully  se: 
lected  from  MACHINERY'S  monthly  Data  Sheets,  issued  as  supplements 
to  the  Engineering  and  Railway  editions  of  MACHINERY  since  September, 
1898.  A  number  of  additional  tables  also  are  included  which  are 
published  here  for  the  first  time. 

In  order  to  enhance  the  value  of  the  tables  and  diagrams,  brief  ex- 
planatory notes  have  been  provided.  In  these  notes  references  are 
made  to  articles  which  have  appeared  in  MACHINERY,  and  to  matter 
published  in  MACHINERY'S  Reference  Series,  giving  additional  informa- 
tion on  the  subject.  These  references  will  be  of  considerable  value  to 
readers  who  wish  to  make  a  more  thorough  study  of  the  subject.  In 
a  note  at  the  foot  of  each  table  reference  is  made  to  the  page  on  which 
the  explanatory  note  relating  to  the  table  appears. 


BEVEL,  SPIRAL  AND  WORM  GEARING 


Formulas  for  Bevel  Gears 

On  pages  4  to  7,  inclusive,  are  given 
complete  rules  and  formulas  for  the  cal- 
culation of  bevel  gearing,  whether  the 
shafts  be  at  a  right  angle,  at  an  acute 
angle,  or  at  an  obtuse  angle  with  each 
other.  Specific  formulas  for  miter  bevel 
gearing  are  also  given,  as  well  as  for 
crown  gears  and  internal  bevel  gears — 
the  latter  on  page  7.  The  notation 
used  in  the  formulas  is  easily  under- 
stood by  comparing  the  formula  with 
the  corresponding  rule.  The  numbers 
given  in  the  left-hand  column  are  for 
convenient  reference  to  any  particular 
rule.  The  rules  and  formulas  are  given 
in  the  order  in  which  they  would  ordin- 
arily be  used  by  a  designer  of  bevel 
gearing.  f 

Internal  bevel  gearing  should  be 
avoided  except  in  cases  where  cast 
gears  will  be  satisfactory,  because  it  is 
practically  impossible  to  cut  internal 
bevel  gearing.  It  may  be  possible  on 
some  forms  of  templet  planing  ma- 
chines to  produce  internal  bevel  gears, 
if  the  pitch  cone  angle  is  not  too  great, 
but  it  is  impossible  on  any  form  of 
generating  machine.  Internal  bevel 
gearing  can  usually  be  avoided,  and  be 
replaced  by  external  bevel  gearing,  by 
extending  one  of  the  shafts  between 
which  motion  is  to  be  transmitted,  and 
mounting  the  gears  in  such  a  position 
that  the  required  motion  can  be  trans- 
mitted by  a  pair  of  ordinary  bevel 
gears. 

The  following  exceptions  to,  and 
modifications  of,  the  rules  given  should 
be  noted: 

1.  The  Brown  &  Sharpe  Mfg.  Co.  recom- 
mends that  for  shaping  bevel  gear  teeth 
with  a  formed  cutter,  the  cutting  angle 
be  determined  by  subtracting  the  ad- 


dendum angle  from  the  pitch  cone 
angle,  instead  of  subtracting  the  de- 
dendum  angle,  as  in  Rule  15,  page  5. 
In  other  words,  the  clearance  at  the 
bottom  of  the  tooth  is  made  uniform 
instead  of  tapering  toward  the  vertex. 
This  gives  a  somewhat  closer  approxi- 
mation to  the  desired  shape.  This  ap- 
plies, of  course,  also  to  Rule  25. 

2.  In  generating  machines  (such  as 
the  Bilgram  and  the  Gleason)  it  is  often 
advisable  to  depart  from  the  standard 
dimensions  of  gear  teeth  as  given  by 
Rules  and  Formulas  1  to  44.  For  in- 
stance, where  the  pinion  is  made  of 
bronze  and  the  gear  of  steel,  the  teeth 
of  the  former  can  be  made  wider  and 
those  of  the  latter  correspondingly 
thinner,  so  as  to  somewhat  nearly 
equalize  the  strength  of  the  two.  Again, 
where  the  pinion  has  few  teeth  and 
the  gear  many,  it  may  be  advisable  to 
make  the  addendum  on  the  pinion 
larger  and  the  dedendum  correspond- 
ingly smaller,  reversing  this  on  the 
gear,  making  the  addendum  smaller 
and  the  dedendum 'larger.  This  is  done 
to  avoid  interference  and  consequent 
undercut  on  the  flanks  of  pinions  hav- 
ing a  small  number  of  teeth.  Such 
changes  are  easily  effected  on  generat- 
ing machines,  and  instructions  for  do- 
ing this  for  any  case  will  usually  be 
furnished  by  the  makers  of  the  various 
machines.  [MACHINERY,  February,  1910, 
Derivation  of  Bevel  Gear  Formulas; 
MACHINERY'S  Reference  Series  No.  37, 
Bevel  Gearing,  Chapter  I.] 

Strength  of  Bevel  Gears 

A  table,  rules  and  formulas  for  the 
strength   of   bevel   gears   are   given   on 
page    8.    The    table    and    formulas    are 
(Continued  on  page  11.) 
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Bevel  Gears  with  Shafts  at  ff/ghf  Ang/es  . 

/fi 

WXV.M                                                                                  U                                    n                                              -      J 

;^$                   .                                                                |*  (/"    — 

\ 

:^-  -Pinion-  ---7--^                                                              / 

^_              ^-^      ,  •^SJs^^         i'         I                                                                                              V0rftne^t~—  — 

^ 
Nofe 

'1&M 

y^"*     i      i                                                              -—  .•  —  /IN    ? 
&l                                                                              \        VU     i 

v/                     XH^\>^ii'  4 

/  #                                /'    ^->i    ;     :£./-^   1 

M# 

i<  —  -"" 

:  Or_  =  P/fch  Cor 
<£  -  Pifch  Cot 
tfp  -  Number 

/  (r                      «r\      /%      .,,.  1  ,.-..,„  -^y  "fr  > 

'    ^                                J     \  //////////////,    j   ^^^\NlV      i 

^></^/r^  —  %  j  i 

_^/. 

*x-  j                                    !  -^\^ 

7^  /^/7^  c>/  Pinion                                                  n 

?^  /^fe  <?/  Gear                                                u 
of  Teefh  in  Pinion,  etc. 

Use  Rules  and  Formulas  1-21  in  the  order  given. 

No. 

To  Find 

R(jle 

Formula 

/ 

Pitch  Cone  Angle  (or 
Edge  dnff/e)of  Pinion 

Divide  f  he  number  of  feefh  in  fhep/nfon  bt/'fhe 
number  of  feefh  in  f  he  gear  fo  get  fhe  fangenf 

7an«>-J?a 

2 

Pifch  ConeAng/e.  (or 
Edge  Angle)  of  Gear 

Divide  fhe  number  of  feefh  in  fhe  gear  by  fhe 
number  of  feefh  in  fhe  pinion  fo  gef  fhe  fangenf 

5E3 

3 

Proof  of  Calculations 
for  Pifch  Cone  Angles 

The  -sum  of  fhe  pifch  cone  ang/es  offhep/n/on 
and  gear  equate  30  degrees 

<Xp+Kg-90° 

4 

Pifch  Diamefer 

Divide  fhe  number  of  feefh  bufhe  d/amefraf 
pifch}  ormulfiply  fhe  number  of  feefh  by  fhe 
'  circular  pifch  and  divide  by  3J4/6 

D_K,UP' 
U     P        7T 

5 

These  dimensions  are  fhe  same  for  bofh  gear  and  pinion 

Addendum 

Divide  t.O  by  fhe  d/'amefral  pifch;  ormu/fipfy 
fhe  circular  pifch  by  O.3I8 

5^0,3I8P'~ 

6 

Dedendum 

Divide  /.  1-57  by  fhe  d/'amefral  pifch;  ormu/f/p/y 
fhe  circular  pifch  by  O.368 

S+AJ^7.0.368P' 

7 

Whole  Depth  of 
Toofh  Space 

Divide  2  J  £7  by  fhe  d/amefra/  pifch;  ormu/f/piy 
fhe  ci  re  u  far  pifch  by  0.  087 

W-2jf!,Q381pi 

8 

Thickness  of 
Joofh  a  f  Pifch  Line 

Divide  LS7I  by  fhe  diamefral  pifch;  or  divide 
fhe  circu/ar  pifch  by  2 

-r     i.51l       Pf 

'      P        Z 

9 

P/fch  Cone 
Radius 

Divide  fhe  pifch  d/amefer  by  fw/ce  fhe  sine 
of  fhe  pifch  cone  ang/e 

c       ° 

2  x  5m  dt 

10 

Addendum  af 
5ma/l  End 
of  Toofh 

5ubfracf  fhe  wicffh  of  face  from  fhe  pifch  cone 
radius,  divide  fhe  remainder  by  fhe  pifch  cone 
radius  and  multiply  by  fhe  addendum 

5x    C~F 
^-ox      c 

II 

Thickness  of 
Too  f  hat.  P/fch 
Line  af  Small  End 

Bubfracf  fhe  widfh  of  face  from  fhe  pifch  cone  rad- 
ius, divide  fhe  remainder  by  fhe  pifch  cone  radius  and 
mu/fipiy  by  fhe  fhickness  of  fhe  foofh  affhepifch  fine 

*     Tx    C~F 

"  ~T*      C 

12 

Addendum 
Ang/e 

Divide  fhe  addendum  by  fhe  pifch  cone  radiuj 
fo  gef  fhe  fangenf 

Ton  6-^ 

Lf 

13 

Dedendum 
Ang/e 

Divide  fhe  dedendum  by  fhe  pifch  cone  radius 
to  gef  fhe  fangenf- 

Tanp-5-^- 

Contributed  by  Ralph  E.  Flanders,  MACHINERY'S  Data  Sheet  No.  127.     Explanatory  note:     Page 


No.  6  BEVEL  GEARING 

RULES  AND  FORMULAS  FOR  BEVEL  GEAR  CALCULATIONS—  II 


Bevel  Gears  with  Shatts  at  flight  dng/es.  (Continued). 

No. 

7o  Find 

tote 

Fbrmu/a 

14 

Face  Ang/e 

Subtract  the  sum  of  the  pitch  cone  ancf 
addendum  angles  from  9O  degrees 

b-9o°-(«+e) 

IS 

Cutting  Ang/e 

Subtract  the  dedendum  angle  from  the 
pitch  cone  angle 

£-*-> 

It 

Angu/ar  Addendum 

Multiply  the  addendum  by  the  cosine  of 
the  pitch  cone  ang/e 

K-S  x  Cosoc. 

n 

Outside  Diameter 

Add  twice  the  angular  addendum  to  the 
pitch  diameter 

0=0  i-  2K 

18 

Apex  Distance 

Multiply  one  -ha  If  the  outside  diameter  by 
the  tangent  of  the  face  ang/e 

J**  ~  x  Ton  S 

19 

Apex  Distance  at 
Small  End  of  Tooth 

Subtract  the  w/dfh  of  face  from  f  hep/  ten  cone 
radius,  divide  the  remainder  by  ffyep/'fcfy  cone 
radius  andmu/ffp/ybyfhe  apex  d/srance 

£^j*_j£ 

20 

Number  of  Teeth  in 
Equivalent  Spur  Gear 

Divide  the  number  of  teeth  by  the  cosine  of 
the  pitch  cone  ang/e 

381  Cos  oc 

21 

Proof  of  Calculations 
by  Rules  Nos.  9, 
/2,  14,  16  and  77 

The  outside  diameter  equa/s  twice  the  pitch  cone 
radius  mu/fip/iedbyfhe  cosine  of  Me  face  ang/e 
and  divided  by  the  cosine  offheaddendum  ang/e 

Q    2CxCosS 

Cose 

Mitre  Bevel  Gearing. 

<||L.                           £§5te~    ~T 

7F~.                          F'T                                                                   /  v  /'I 

X^an 

/   i  \  ^pl  \^    >                                             /     *H 

*                      45°'    '  //ftzff/tffflr~ 

^^^^^k>  ! 

// 

|__^>cgp 

-CX*^"'    ^                                                            *£•  r               —-rrn  ~\  ^ffrnj               ^  ^^^ 
^-'      Use  Rules  andFormu/as  22,4-8,  23,  JO-  S3,  24-26,  J7-/9,  27ond^ 
\*—  "21  in  the  order  given,  A/J  dimensions  thus  obtained  are  Me  same  for  both  gears 
of  a  pair 

No. 

To  Find 

F?u/e 

Formu/a 

22 

Pitch  Cone  Ang/e 

Pitch  cone  angle  equals  4S  degrees 

K-4S° 

23 

Pitch  Cone  Radius 

Multiply  the  pitch  diameter  by  0.  7O7 

C-0.707O 

24 

Face  Ang/e 

Subtract  the  addendum  ong/e  from  45° 

Z-45°-8 

25 

Cutting  Ang/e 

Subtract  the  dedendum  ang/e  from  4Sdegrees 

1-45°-? 

26 

Angular  Addendum 

Mu/fip/y  the  addendum  by  0.  707 

K=  0.707  S 

21 

Number  of  Teeth  in 
EquivalentSpur  Gear 

Muffiply  the  number  of  fee  fh  by  /.4/ 

N'-141N 

Contributed  by  Ralph  E.  Flanders,  MACHINERY'S  Data  Sheet  No.  127.     Explanatory  note :     Page  3. 
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Bevel  Gears  w/fh  Shafts  af  an  Act/fa  dng/e. — -^~ 

Nofe-.  Verfe* 

Ofp  -  Pifch  Cone  Ang/e  of  Pjnio/i  ,' 

= Pifch  Cone  Angfe  of  Gear  \  .*.* 

Number  of  Teeffi  Ir  "'  '     ' 


— 


Use  Rules  andFormu/as  28-3O,  and  4-21  In  the  order  g/ren. 


No. 


To  Find 


Formula 


28 


Pifch  Cone  Angle 
(or  Edge  Ang/e) 
of  Pinion 


Divide  fhe  sine  of  fhe  cenfer  angr/e  by  fhe  sum  of 
fhe  cosine  of  fhe  cenfer  ang/e  andfheguof/'enf  of 
number  offeefhjn  fhe  dear  divided  by  fhe  number  of 
feefhin  fhe  pinion;  fh/'s  gives  fhe  rangenf 


AJ, 

j^ 


29 


Pifch  Cone  Ang/e 
(or  Edge  Ang/e) 
•  of  Gear 


Divide  fhe  sine  of  fhe  cenfer  ang/e  be/ fhe  sum  of 
fhe  cosine  of  fhe  cenfef  ang/e ^  and  fhe  quo  f lent  of 
the  number  offeefh  in  fhe  pin/on  divided  bt/  ffte 
number  offeefh  in  fhe  gear;  fhis  g/'/es  f he  fang  en  f 


TanCK^ 


S'ny 


30 


Proof  of  Cafcu/af  ions 
for  Pifch  ConeArig/es 


The  sum  offhepifch  cone  ang/e  5  offhepfn/on 
and  gear  equa/s  fhe  cenfer  angle 


Bevel  Gears  wi$i  -Shaffs  af  an  Ob  fuse  Angle. 

i T^V 


--«f    Note: 
\ 


h 


8»     \<Xg -Pitch  Cone  Jng/e  of  Gear  j  x.'       •       i\ 

!   *)    N^NumberofTeefhinfin/or&efc.  /  '^HN    '>>  \     $ 

•-!• — t  //    ^"£~~^     !.       V*. 


5 

>< 


., 
~     *"*" 


,. 


Use  Rules  and  Form  u  /as  3  land  32  as  directed  be/ow. 


No. 


•Rule 


Formula 


31 


/?/y<r/'  Cone  Ang/e 
(or  Edge  Ang/e) 
of  Pinion 


Divide  fhe  sine  of  180  degrees  minus  fhe  cenfer 
angle  by  fhe  difference  befween  fhequof/enfoffhe 
number  offeefh  in  fhe  gear  d/v/ded  by  fhe  number 
offeefh  in  fhe  pin  ion  and  fhe  cosine  of  /8O  degrees 
minus  fhe  cenfer  ang/e',  f  his  give's  fhe  fangenf 


32 


Whefher  Gear  is 
a  Regy/ar  Bevel 
Gear,  a  Crown 
dear,  or  an  Infer 
nal  Be  ve/  Gear 


Add  90  degrees  fo  fhepifch  cone  ang/e  of  fhe  pinion. 
If  fhe  sum  is  greafer  fhan  fhe  cenfer  ang/e  use 
rules  and  formu/as  33, 3O  and  4-?r  in  fhe  order gire/7. 
If  fhe  sum  equa/s  fhe  cenfer  ang/e  see  ru/es 
and  formulas  for  crown,  gear. 
If  fhe  sum  is  /ess  fhan  The  cenfer  ang/e  see 
rules  and  formulas  for  infernal  bevel  gear. 


33 


Pifch  Cone  Angfe 
(or  Edge  Ang/e) 
of  Gear 


Divide  fhe  sine  of  /80  degrees  minus  fhe  cenfer  ang/e 
biff  he  difference  be  f  ween  fhe  at/of  /'en  f  of  fhe  number 
offeefh  in  fhe  pinion  divided  by  fhe  number  of  feefh 
in  fhe  gear  and  fhe  cosine  of/8O  degrees  m/'nt/s 
fhe  cenfer  ang/e  ;  fh/'s  gives  fhe  fangenf 


-Cos(/80°y) 
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Crown  Gears. 


. 

-~*i 


o/ 

<?    Note: 

I       top  -  Pitch  Cone  Angle  of  Pinion 
"Number  of  Teefh  in  Pinion 


~K"'Z£< 


-Number of  Teeth  in  Gear,-efc^ T_  _£>«0 -> 


"~  UseRu/es  31  and  4-21  in  the  order g/ven,  forthepin/on;useRu/es3O,4-Q,  36,  /O-/3, 
37,  t Sand  38  In  the  order  given  for  the  crown  gear',  if  dimensions  for  crown  gear  are  known, 
to  find  center  angfe  and  dimensions  of  pinion,  use  rules  and  formu/as34,35a/7d4-2t  in  the  order  given 


No. 


Jo  Find 


Rule 


Formula 


34 


Pitch  Cone /lng/z(or 
Edge  Ang/e)  of  Pin/on 


Divide  the  number  of  reef h  in  fne  p/n/on  by  rne 
number  of  feefh  jn  fne  gear,  fcfgef  fne  5/ne 


M- 


35 


Center  Ang/e 


Add  9O  degrees  fofhepifch  cone  ang/e  of  fne  p/n/on 


30 


%L 


36 


Pitch  Cone  ffad/us 


Divide  f he  pitch  diameter  by  2 


37 


Face  Ang/e  of  Gear 


The  face  cone  angle  of  the  gear  equals  the  addendum  ang/e 


38 


Number  of  Teeth  in 
Equivalent  Spur  Pear 


The  teeth  are  eau/ra/er?f /n  form  to  rack  teeth 


Infinity 


Infernal  Be /el  Gears. 


L 

Note: 

8 a  -  Face  Angle  of  (Sear 

Wp  "Number  of  Teeth  in  Pinion     j<. 

Ai.  "Number  of  Teeth  in  Gear,-efc, 


U^. -^         .      . ; > ^J 
— ~"  Use  Rules  andFbrmu/as  3land4-2finc/i>swe  forfhep/nton;useF?u/es  and 
Formulas  39, 30, 40, 41,  /St  42, 43,  /8f  /9t  44  and  2f  in  the  order  gi/en  for  the  gear 


No. 


To  F/'nd 


Pitch  Cone  Angle 

(or  Edgedng/e) 

of  Gear 


Ru/e 

Divide  the  sine  of  /8O  degrees  minus  the  center 
angfe,  by  the  difference  between  the  cosine  of  /8O 
degrees  minus  the  center  anq/e  and  the  quotient  of 
the  number  of  teeth  /n  fhep/nion  divided  by  Me 
number  offeefh  in  fne  gear-  subfracff/je  ang/e 
whose  tangent  is  thus  found  from  /SO  degrees 


Formula 


40 


Pitch  Cone  ftadius 


Divide  the  pi fch  diameter  by  twice  the  sine  of/so 
degrees  minus  the  pitch  cone  ang/e 


/-  Lfg 

v*  ^  o  c:~  7 1 


— 

42 

43 


Face  Ang/e  of  Gear 


Subtract  9O  degrees  from  fhesvmoffhep/fcfy 
cone  angfe  and  the  addendum  ang/e 


Angular  Addendum 
of  Gear 


Mu/f/ply  the  addendum  by  the  cosine  of  /SO  de- 
grees minus  thepffch  cone  ang/e 


Oufsfde  (or  Edge) 
Diameter  of  Gear 


Subtract  twice  the  angu/ar  addendum  from  the 
pitch  diameter 


Og    -Dg    ~2Kg 


44 


Number  of  . 

tqutvafenf  fnternaf 
3pur  Gear 


Divide  the  number  offeefh  by  the  cosine  of/3Ode- 
grees  minus  fhe pitch  cone  ang/e 


Contributed  by  Ralph  E.  Flanders,  MACHINERY'S  Data  Sheet  No.   127.     Explanatory  note  :     Page  3. 
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STRENGTH  OF  BEVEL  GEARS 


No.  6 


List  of  Reference  Letters. 

D  «  pifch  diameter  of  gear  in  inches.             Y*  out/me  factor  (see  fable  be/ow) 

R  «=  revolutions  per  minute.                               P=  diametral  pitch  (if  circu/ar  pifch 
is  grven,  divide  3.  /4  f  6  by  circu/ar 
V-  velocity  in  ff.permin.  at  pifch  d/amefer.                pjfcn  f0  obtain  diametral  pifch). 

Ss  =  allowable  static  if  nit  stress  for  ma  ferial.         C  -  pitch  cone  rod/  us. 

5  =  allowable  unit  stress  for  mafer/af  af             W=  maximum  safe  fangen  fiaf  foad  /n 
given  velocity.                                                        pounds  at  pitch  d/amefer. 
F=  width  of  -face.                                                 H.P.=  maximum  safe  horsepower. 

N'-No.  of  teeth  in  equiva/enf  spur  gear 
(See  diagram). 

T~" 

ca- 

JL 
/v'= 

xj 

\ 
•^>\ 

0 

\     \ 

A  > 
fy 

/ 

m 

of  teeth 
Oc 
0.  20} 

Table  of  Out  fine  Fcrcfors  (ty  for/4£and'?00/nvo/t/fe 

N1 

Outline  fix  for-  Y 

N1 

Ouf//ne  Facfor-Y' 

/4  i° 
Invo/ufe 
(Stcf.) 

20° 
Involute 

14  z* 
Invo/ufe 

(Sfd.) 

20° 

tnvo7ufe 

nf 

12 

0.2/0 

0.24S 

27 

O.3I4 

0.349 

13 

O.220 

0.  26*1 

30 

O.320 

0.358 

14 

0.226 

0.276 

34 

0.327 

O.37I 

IS 

0.236 

0.289 

38 

0.336 

0.383 



.16 

0.242 

0.295 

43 

,0.346 

0.396 

Number 
Cos 

fRufe  N 

17 

0.251 

0.302 

50 

0.352' 

0.408 

18 

0.261 

0.  308 

60 

0.358 

0.42.1 

19 

0.273 

0.314 

75 

•   0.364 

0.434 

20 

0.283 

0.320 

too 

0.371 

O.446 

21 

0.289 

0.327 

ISO 

0.377 

0.459 

23 

0.295 

0.333 

300 

0.383 

0.471 

25 

0.305 

0.339 

Rack 

0.390 

0.484 

Use  rules  and  fornnufas  45-48  in  the  order  g/'ren 

No. 

To  Fincf 

Ru/e 

Formu/a 

45 

Ve/oc/fy  in  ft.  per 
mm.  at  the  pifch 
diameter 

Multiply  the  product  of  ''the  d/amefer  in  inches  and 
the  number  of  'revolutions  per  minute,  by  O.26Z 

V=  0.262.  DR 

46 

Allowable  unit 
stress  a  f  given 
velocity 

Multiply  the  allowable  static  stress  by  600 
and  divide  the  rest//f  by  the  velocity  in 
feet  per  minute  plus  60O 

5=5sx 

600 

600  +  V 

47 

Maximum  sate  tan- 
gential load  a  f 
'pitch  diameter 

Multiply  to  get  her  the  allowable  stress  forfne  g/ren 
velocity,  the  width  of  face,  the  tooth  outline  factor 
and  the  difference  between  the  pitch  cone  radius  and 
the  width  of  face;  divide  the  result  by  the  product  of 
the  diamefra/p/fchandfhepitcncone  radius 

n,_  SFY(C-F) 

PC 

48 

Maximum  safe 
Horse  Power 

Multiply  the  safe  load  at  the  pitch  line  by  the  ve/ocify 
in  feet  per  minute,  and  divide  the  result  by  33,  OOO 

HP        WV 

11         33,000 

Contributed  by   Ralph  E.   Flanders.     Explanatory   note :     Page   3. 
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BEVEL  GEARING 
PROPORTIONS  OF  BEVEL  GEARS 


STANDARD    HUB 


BEVEL  GEARS 


(§  =  1/4  OF  BOR£ 
©>=1/8  OF  BORE 
L=7/16  OF  BORE 


BORE 


-w 


f    3  S    3   'I 
§     ?/ 

r^«»«2 
&Jiii*; 

£  SSSS| 
£   °JJJJ 

i :<o  a  s  ss 


,33  *  FITCH. 


1 -> 

Industrial  Press.  M  J7 
I  =WIDTH   OF  ARM 
J  =  1/2  OF  I 
M=  3/i  OF  |  N  -=ysOF\ 


STD.  FACE-K.66X 


BEVEL  GEARS. 

J5  =^  +  .25  X  Pitch 
C  =At  least  .25  X  L 
£>  =  .48  X  Pitch 
E  =  1.875  X  Bore 
F  =  Bore 
£  =  4375  X  Bore 
H  =  45  X  Pitch 
/    =.25  X  Pitch 
/    =  2.30  X  Pitch 
K  =  .40  X  Pitch 
L  =  /   -f-    ^4    inch   per 
Length 

For   Hub,    See   Upper   Left-hand 

Sketch 
For  Number  of  Arms,  See  Upper 

Left-hand  Sketch 
B'=A  +  .05  X  Diameter 


Contributed  by  W.  O.  Renkin.  MACHINERY'S  Data  Sheet  No.  36.     Explanatory  note  :     Page  16. 
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i-i    O   O 


ft    ft 

X  X  c 

1C    »C  C 

c*    C^  ,0 

O     O  2 

il  H  fc, 

O^  & 


o 

'ft 

-§  X 

|S  2 

fto    o 


g>£   o 

ft     -2 


o  o    08  n-»  «N  «H 


X  X 

CO  GO  g 

O  O  <«-f 

II  II  II 


O 


ftftftftftftftftft^ 
XXXXXXXXXi 

O   O    O*   O    O    O    O    O   O    rH 

II  II  II  II  II  II  II  II  II  II 

^fi^OQBQ^Ofej^N 


•gflfl 


ft    ft    ft    ft  O 

X  X  X  X  § 

C'i    GO    00    IO      I 
C3   rH    rH    r^    ~T 

O    O    O    O    -I-H 

II  II  II  II  II 


O     O     V     O     O 

-*J     4_(     -4-3     -*J     -W 

'ft  'ft  'ft  'ft  'ft 
X  X  X  X  X 

1C-  1C    O    <M>    t> 

1C    rH   rH    CO    O? 

O    O    O    O    O 

!!    II    II    II    II 
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BEVEL  GEARING 


11 


founded  on  the  Lewis  method,  and 
make  it  possible  to  quickly  calculate 
the  strength  of  bevel  gears.  The  formu- 
las given  are  based  on  the  use  of  the 
diametral  pitch  of  the  gear,  and  the 
constants  Y  given  in  the  table  for  use 
in  the  formulas  are  valid  only  when 
the  diametral  pitch  is  employed.  If  the 
circular  pitch  is  given,  it  should  be 
transformed  into  diametral  pitch  by 
dividing  3.1416  by  the  circular  pitch. 
The  formulas  45  to  48  make  it  possible 
to  determine  the  horsepower  which  can 
be  transmitted  by  a  gear  of  a  given 
pitch  diameter  and  a  given  diametral 
pitch,  when  the  number  of  revolutions 
per  minute  at  which  the  gear  is  run- 
ning is  known.  The  formulas  should 
be  used  in  the  order  given.  The  only 
factor  that  need  be  assumed  in  these 
calculations  is  the  allowable  static  unit 
stress  for  the  material  in  the  gear.  For 
ordinary  workmanship  this  factor  may 
be  assumed  to  be  6000  pounds  per 
square  inch  for  cast  iron,  9000  for 
phosphor-bronze,  and  15,000  for  steel. 
For  high-grade  workmanship  these  fac- 
tors may  be  increased  to  8000,  12,000 
and  20,000,  respectively. 

As  an  example,  assume  that  it  is  re- 
quired to  find  the  horsepower  which  it 
is  permissible  to  transmit  by  a  bevel 
gear  having  15-inch  pitch  diameter,  4 
diametral  pitch,  making  100  revolutions 
per  minute,  and  having  a  width  of  face 
of  iy2  inch,  if  the  teeth  are  cut  accord- 
ing to  the  14%-degree  involute  system. 
The  gear  is  made  of  steel  and  the  allow- 
able static  unit  stress  for  the  material 
may,  therefore,  be  assumed  to  be  15,000 
pounds  per  square  inch.  We  now  first 
insert  the  values  of  the  pitch  diameter 
and  the  revolutions  per  minute  in  For- 
mula (45)  and  thus  find  the  velocity  in 
feet  per  minute  at  the  pitch  diameter. 
We  then  insert  this  velocity,  as  found 
in  Formula  (45),  together  with  the  al- 
lowable static  unit  stress,  in  Formula 
(46),  and  find  then  the  allowable  unit 
stress  at  the  given  velocity.  This  unit 
stress  is  now  inserted  in  Formula  (47) 


together   with   the   width   of   face,    the 
outline  factor  Y  (which  is  found  from 
the    outline    table    to    be    0.358    for    60 
C  —  F 

teeth),  the  factor  ,  and  the  diam- 

C 

etral  pitch,  and  in  this  way  we  find  the 
maximum  safe  tangential  load  W.  Fin- 
ally, by  inserting  the  value  of  W  just 
found  and  the  value  of  V  found  from 
Formula  (45),  in  Formula  (48),  we  de- 
termine the  maximum  safe  horsepower 
which  can  be  transmitted  by  the  gear. 
The  numerical  calculations  are  easily 
carried  out,  and  it  is  not  necessary  to 
repeat  them  here. 

Those  familiar  with  the  Lewis  formu- 
la will  note  that  Rule  and  Formula  (47) 
is  the  same  as  for  spur  gears  with  the 

C  —  F. 

exception  of  the  additional  factor . 

C 

This  factor  is  an  approximate  one 
which  expresses  the  ratio  of  the 
strength  of  a  bevel  gear  to  that  of  a 
spur  gear  of  the  same  pitch  and  number 
of  teeth,  the  decrease  being  due  to  the 
fact  that  the  pitch  grows  finer  toward 
tjie  vertex.  This  factor  is  approximate 
only,  and  should  not  be  used  for  cases 
in  which  F  is  more  than  1/3  (7;  but 
since  no  bevel  gears  should  be  made  in 
which  F  is  more  than  1/3  (7,  the  rule  is 
of  universal  application  for  good  prac- 
tice. As  the  width  of  face  is  made 
greater  in  proportion  to  the  pitch  cone 
radius,  the  increase  of  strength  obtained 
thereby  grows  proportionately  smaller 
and  smaller,  as  may  be  easily  proved  by 
analysis  and  calculation.  Actually,  the 
advantage  of  increasing  the  width  of 
face  is  even  less  than  is  indicated  by 
calculation,  since  the  unavoidable  de- 
flection of  the  shaft  is  sure  at  one  time 
or  another  to  throw  practically  the 
whole  load  on  the  weak  inner  ends  of 
the  teeth,  which  thus  have  to  carry  the 
load  without  help  from  the  large  pitch 
at  the  outer  ends.  [MACHINERY,  Decem- 
ber, 1906,  Strength  of  Gears;  MACHIN- 
ERY'S Reference  Series  No.  37,  Bevel 
Gearing,  Chapter  IV.] 
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Curve  Sheet  for  obtaining  the  oufa/ct€  cf/ctmefer  of  cesf  beve/  grecrr-s 
Standard  cfddenc/vm  =  -p  —  O.3/33p' 
P  =  cfiamefrcr/  p/fch 
p'—  circu/ar  p/fch 

800 


^?Z^:<L_      .  _?L- 


uiagfmms  may  be  used  for 
Bevel  Gears,  with  Shafts 
at  other  angles  than  90  °     I 
as 


O' 


10' 


2O' 


3O'  4O°  SO'  6O~ 

Pitch   ancf/e 


70' 


90' 


MACHINERY'S    Data    Sheet    No.    69.     Explanatory    note:     Page    16. 
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Diagram  for  ob  fa  in  ing  fhe  face  ang/e  of  cut  here/  gear^s 
Standard  addendum  —  O.3/83  x  c/rcts/ar  p/'+cfy 

Number     of     Teeth 
10  15  20 


5°         10°        15°        20"      25"      30'      35°     4O°    45"    5(T  55"  60' 6?  70' 80  30' 


MACHINERY'S    Data    Sheet   No.    69.     Explanatory    note :     Page    16. 
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TABLE    FOR    DETERMINING   THE   OUTSIDE    DIAMETER   OF    BEVEL   GEARS— I 


Tables  land  II  are  the  diameter  increments  for  standard  right 
\     /^Hi^  ~^  an&fe  *****  '  ffear-s»  "Mch  added  to  the  pitch  diameter  (O  ancfO/) 
_    ix^L_Hl^  J   g'm  the  oufsic/e  diameters  (O  ando/).      The  tab/es  are  ca/cv- 
^  |  NJ|P^;    f  la  fed  tor  /  diametral  pitch,  standard  involute  teeth,  and 
jj^l  |  IP*T''     •"*•  corer  the  rat/as  from  miters  to  gears  andp/nrons  of  /Ofo/. 
ifc-.-.-^.C  —  4}                With  the  pitch  and  numbers  of  teeth  known  the  outside  diam- 
eters of  a  pair  of  standard  fare/  pears  are  fovncf  be/  s/mp/e 
calculation,  using  the  factors  here  giren.    Tof/'nd  the  diamefer  increments,  f/rsf 
get  the  ratio  between  the  bere/  gear  andp/nion,  and  Snen  d/ride  the  /ncremente 
•for  that  ratio  by  the  given  pitch. 
For  examp/e:  Find  the  outside  diameters  ofapa/r  of  beref  gears  of  7£trnd  SO 
teeth,  0  diametral  pitch.    O/rid/ng  the  number  of  teefh  in  the  gear  be/  f/?e  number  of 
teeth  )n  the  pinion  gires  arat/o  of  3.  75  'to  /.    //?  fab/e  II  the  d/amefer  /'rrcrements 
tor  a  gear  and  pinion  ot  /  diametral  pitch  of  this  ratio  are  O.S/S  and  /.933.  0/r/a'- 
ing  each  by  6  g'/res  O.86  and  O.322  respectire/e/.    Tne  pitch  c//asr?efer  offnegearis 
/2.SOO  inches  and  of  the  pin/on  3.333  inches,    ddd/'ng  She  cf/cr/Tiefer  /'ncrvrrrenfs  fa 
the  gear  and  pin/on  pitch  of/am  eters  g/res  /?.£&&  inches  for  oufsic/e  diameter 
of  the  gear  and  3.&5S  /nches  for  the  outside  d/Grmeferoffhepin/or?. 

Tab/e  I. 

Ratio 

Gear 

Pinion 

Rath 

Gear 

Pinion 

Ratio 

Gear 

P/nion 

1.000 

1.4/4 

/.4/4 

/.400 

/./62 

/.627 

/.800 

0.97/ 

/.748 

I.OZS 

1.396 

/.43I 

/.42S 

/./49 

/.036 

1.825 

O.96/ 

/.7S4 

1.050 

/.380 

1.448 

/.45O 

IJ3S 

/.646 

/.8SO 

0.95/ 

/.  760 

1.07S 

/.362 

/.464 

I.47S 

/./22 

/>6SS 

1.875 

0.94/ 

1.765 

f.100 

/.345 

/.48O 

1.500 

/JO  9 

/.G04 

/.900 

0.931 

1.  770 

IJ2S 

/.328 

/.494 

/.S2S 

/.096 

J.672 

/.$25 

0.922 

/.77S 

/JSO 

/.3/2 

/.509 

/.550 

/.084 

/.68O 

1.950 

0.9/2 

/.78O 

/.I7S 

/.29& 

/.523 

/.57S 

/.O72 

/.083 

/.975 

0.903. 

/.784 

1.200 

/.280 

/.S36 

/.600 

/.oeo 

/.096 

2.000 

0.894 

/.  790 

/.22£ 

/.264 

1.549 

/.62S 

f.047 

/.703 

2.025 

0.885 

/.793 

1.250 

/.249 

/.S0/ 

/.0SO 

/.030 

/.7/O 

2.050 

0.870 

/,797 

f.27S 

/.234 

/.S73 

/.G7S 

/.02S 

/.7/7 

2.075 

0.808 

/.80f 

/.300 

/.2/9 

/.585 

/.700 

/.OJ4 

/.723 

2./00 

0.860 

/.805 

1.325 

/.204 

/.596 

/.72S 

/.O03 

/.730 

2.125 

0.8S/ 

/.SO  9 

/.35O 

/.I9O 

/.607 

/.7SO 

0.992 

/.736 

2.  /SO 

O.843 

/.3/J 

/.37S 

/.1  76 

/.6/7 

/.77S 

0.982 

/.742 

2./75 

0.83S 

/.8/7 

Contributed  by  Archie  Baxter,  MACHINERY'S  Data  Sheet  No.  102.     Explanatory  note  :     Page  27, 
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TABLE  FOR  DETERMINING  THE  OUTSIDE  DIAMETER  OF  BEVEL  GEARS— II 


Tab/e  II. 

Ratio 

Gear 

Pinion 

ftctf/o 

Gear 

P//7/OS7 

ftafio 

Gear 

P//7/on 

2,200 

0.828 

/.82f 

3.90 

0.497 

J.337 

0.50 

O.304 

/.977 

2.225 

0.820 

1.824 

3.95 

0.491 

/.94O 

6.60 

0.299 

/.977 

2.2-50 

0.8/2 

J.827 

4.0O 

O.485 

/.940 

6.70 

0.295 

/.978 

2.27S 

0.805 

/.83/ 

4.O5 

0.479 

/.94/ 

6.80 

O.29/ 

/.979 

2.30 

0.797 

/.834 

4./0 

0.473 

/.343 

6.90 

O.2B7 

/.979 

2.35 

O.783 

/.840 

4./S 

O.468 

/.944 

7.00 

O.283 

/.980 

2.40 

0.770 

/.846 

4.  2O 

O.463 

/.94S 

7./0 

0.279 

/.980 

2  AS 

0.755 

/.85/ 

4.25 

O.458 

/.347 

7.20 

0.275" 

/.98f 

2.50 

0.743 

/.857 

4.30 

0.453 

/.948 

7.30 

0.27/ 

/.93f 

2.55 

0.730 

/.862 

4.35 

0.448 

/.949 

7.4O 

0.268 

/.9S2 

2.60 

0.7/8 

f.867 

4.40 

0.443 

/.950 

7.5-0 

0.264 

/.982 

2.65 

0.706 

/.87/ 

4.45 

0.438 

/.9S/ 

7.60 

0.2<5/ 

/.983 

2.70 

O.694 

/.87S 

4.5O 

0.4-34 

/.9S2 

7.7O 

O.2S7 

/.333 

2.75 

0.083 

/.880 

4.SS 

0.429 

/.953 

7.80 

0.234 

/.983 

2.80 

0.072 

L883 

4.60 

O.42S 

/.9S4 

7.90 

0.2S/ 

/.984 

2.85 

O.&62 

/.887 

4.65 

O.4PO 

/.9£^ 

8.00 

0.248    \      /.9S4 

2.90 

O.652 

/.890 

4-.70 

O.4/6 

/.3*50 

8./O 

O.24S 

/.9SS 

2.95 

0.042 

1.894 

4.7J 

O.4// 

/.937 

8.20 

O.242 

/.98S 

3.00 

O.(y32 

1.697 

4.80 

O.407 

/.9S8 

8.30 

0.239 

/.98S 

3.05 

0.623 

/.900 

4.8£ 

O.4O4 

/.tt9 

8.4O 

0.236 

L986 

3.10 

O.6/4 

/.903 

4.3O 

0.400 

/.960 

8.50 

0.234 

/.9S6 

3./S 

0.&05 

/.906 

5.00 

0.392 

/.96f 

8.60 

0.23/ 

/.386 

3.20 

O.596 

/.909 

5./0 

0.385 

/.9G2 

8.7O 

0.228 

1.986 

3.25 

O.588 

/.9/f 

S.20 

0.377 

/.964 

8.80 

0.22S 

/.987 

3.30 

0.580 

/.9/4 

S.30 

O.370 

/.9&5 

8.90 

0.223 

/.987 

3.35 

0.57/ 

/.9/6 

S.4O 

0.3(54 

/.966 

9.00 

0.220 

f.987 

3.40 

0.5<54 

/.9/8 

S.50 

0.357 

/.967 

9./0 

0.218 

1.988 

3.4S 

0.557 

/.92f 

S.60 

O.35/ 

/.9&8 

9.20 

0.2/6 

/.988 

3.50 

0.550 

1.923 

S.70 

0.345 

/.970 

9.30 

0.2/3 

/.988 

3.55 

0.542 

S.92S 

S.80 

0.340 

/.97/ 

9.4O 

0.2// 

/.988 

3.60 

0.535 

/.927 

S.90 

O.334 

f.972. 

9.50 

0.209 

/.989 

3.6S 

0.528 

J.929 

6.00 

0.329 

/.973 

9.60 

0.207 

/.989 

3.70 

0.521 

/.93I 

.6.  tO 

0.323 

/.974 

9.70 

0.205 

/.389 

3.75 

O.S/5 

/.933 

6.20 

0.3/8 

/.97S 

9.80 

0.203 

1.933 

3.80 

0.509 

J.934 

6.30 

0.3/3 

/.97f 

9.90 

0.20/ 

/.990 

3.85 

0.503 

/.936 

6.40 

0.309 

/.976 

IO.OO 

O./98 

/.990 

Contributed  by  Archie  Baxter,  MACHINERY'S  Data  Sheet  No.  102.     Explanatory  note  :     Page  27. 
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MACHINERY'S  DATA  SHEETS 


No.  6 


Proportions  of  Bevel  Gears 

Various  forms  may  be  given  to  the 
blanks  or  wheels  on  which  bevel  gear 
teeth  are  cut,  depending  on  the  size, 
material,  service,  etc.,  to  be  provided 
for.  The  pinion  type  of  blank  is  mostly 
used  for  gears  of  a  small  number  of 
teeth  and  small  pitch  cone  angle.  When 
the  diameter  of  the  bore  comes  too  near 
to  the  bottoms  of  the  teeth  at  the  small 
end,  it  is  customary  to  omit  the  usual 
recess  in  the  front  face.  For  gears  of 
a  larger  number  of  teeth,  the  web  type 
is  appropriate.  This  does  not  require 
to  be  finished  all  over,  as  the  sides  of 
the  web,  the  outside  diameter  of  the 
hub,  and  the  under  side  of  the  rim  may 
be  left  rough  if  desired. 

A  gear  suitable  for  very  heavy  work 
should  have  the  web  reinforced  by  ribs. 
The  web  may  be  cut  out  so  that  the  rim 
is  supported  by  T-shaped  arms,  as 
shown  in  the  engraving  on  page  9. 
This  makes  a  very  stiff  wheel  and  at 
the  same  time  a  very  light  one,  when 
its  strength  is  considered.  Where  the 
pitch  cone  angle  is  so  great  that  the 
strengthening  rib  would  be  rather  nar- 
row at  the  flange,  it  may  be  given  the 
rounded  form  shown,  the  radius  A  be- 
ing equal  to  the  face  of  the  teeth. 

The  question  of  alignment  of  the 
shafts  should  be  considered  in  deciding 
on  the  width  of  face  of  the  gear.  Mak- 
ing the  width  of  the  face  more  than  one- 
third  of  the  pitch  cone  radius  adds  prac- 
tically nothing  to  the  strength  of  the 
gear  even  theoretically,  since  the  added 
portion  is  progressively  weaker  as  the 
tooth  is  lengthened,  as  has  already  been 
explained.  In  addition  to  this,  there  is 
the  danger  that  through  springing  of 
the  shafts  or  poor  workmanship,  the 
load  will  be  thrown  onto  the  weak  end 
of  the  tooth,  thus  fracturing  it.  For 
this  reason  it  may  be  laid  down  as  a 
definite  rule  that  there  is  nothing  to  be 
gained  by  making  the  face  of  the  bevel 
gear  more  than  one-third  of  the  pitch 
cone  radius. 

The  Brown  &  Sharpe  Mfg.  Co.,  in  one 


of  its  publications,  gives  a  rule  for  the 
maximum  width  of  face  allowable  for  a 
given  pitch.  The  width  of  face  should 
not  exceed  five  times  the  circular  pitch, 
or  16  divided  by  the  diametral  pitch. 
This  rule  is  also  rational  since  the 
danger  to  the  teeth  from  the  misalign- 
ment of  the  shaft  increases  both  with 
the  width  of  face  and  with  the  decrease 
of  the  size  of  the  tooth,  so  that  both  of 
these  should  be  reckoned  with.  In  de- 
signing gearing  it  is  well  to  check  the 
width  of  face  from  the  rule  relating  to 
the  pitch  cone  radius  and  that  relating 
to  the  pitch  as  well,  to  see  that  it  does 
not  exceed  the  maximum  allowed  by 
either. 

On  page  9  are  given  formulas  for  the 
proportioning  of  bevel  gears.  The  di- 
mensions found  by  these  formulas  may, 
of  course,  have  to  be  varied  for  indi- 
vidual requirements,  but  the  formulas 
will  serve  as  a  guide  for  ordinary  condi- 
tions. On  the  same  page  are  also  given 
dimensions  for  shrouded  spur  gears 
which  will  be  found  suitable  for  ordi- 
nary requirements.  On  page  10  are 
given  proportions  for  miter  gears,  and 
for  both  spur  and  bevel  mortise  gears 
with  wooden  teeth.  Gears  of  this  latter 
type  are,  of  course,  seldom  used  in  mod- 
ern designs.  [MACHINERY'S  Reference 
Series  No.  37,  Bevel  Gearing,  Chapter  V, 
Design  of  Bevel  Gears.] 

Diagrams  for  Bevel  Gear 
Dimensions 

Such  data  as  the  angle  of  increment, 
the  outside  diameter  and  the  projection 
of  the  extreme  edge  of  the  teeth  beyond 
the  pitch  circle  in>  bevel  gears  may  con- 
veniently be  found  from  the  diagrams 
given  on  pages  12  and  13.  The  best 
way  of  explaining  the  diagrams  is  to 
take  an  example,  such  for  instance,  as 
the  following:  Find  the  ouside  diam- 
eter, face  angle,  and  "backing"  &  of  a 
bevel  gear  with  40  teeth,  whose  pitch 
angle  is  56  degrees  59  minutes,  2  diam- 
etral pitch,  and  20  inches  pitch  diam- 
( Continued  on  page  27.) 
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K      L=  Lead  o-f  He//x      J 

n 

''       , 

NfF 

\  ?!        f4fc« 

//  ' 

V 

No. 

Jo  Find 

Rule 

Formula 

1 

delation 
between 
5  ha  ft  and 
Tooth 
Angles 

The  sum  of  the  toath  ang/es  of  a  pair  of 
mating  helical  gears  is  equa/  to  fhe  shaft 
angle. 

r-«a  +  «b 

2 

Pitch 
Diameter 

Divide  the  number  of  feefh  by  the  product  of 
fhe  normal  pitch  and  the  cosine  of  the  foofn  ang/e. 

N      • 

™     Pn  COS  Cf 

3 

Cen  ter 
Distance 

Add  together  the  pitch  diameters  of  fhe 
two  gears  and  divide  by  2. 

DC,  +  Db 

°~       2 

4 

Checking 
Calculations 
in  (2) 
and  (3) 

To  prove  the  calculations  for  pitch  diameters 
and  center  distance,  multiply  the  number 
of  feefh  in  fhe  first  gear  by  fhe  tangent"  of 
fhe  tooth  ang/e  of  that  gear  ,   and  add  fhe 
number  of  feefh  in  the  second  gear  to  fhe 
producf;  the  sum  shou/d  equal  twice  fhe 
producf  of  the  center  distance  mu/fi  plied  by 
the  normal  diametral  pitch,  multiplied  by 
the  sine  of  fhe  tooth  ang/e  or  fhe  first  gear. 

Nb  +  (Na  x 
fan  cra)  = 

sin  aa 

* 

No.  of  Teeth 
for  which 
to  Select- 
Cutter 

Divide  the  number  of  feefh  in  fhe  gear  6y 
the  cube  of  the  cosine  of  fhe  tooth  ang/e. 

N 

N  ~(cos  a)3 

e 

Lead  of 
Tooth  Helix 

Multiply  the  pitch  diameter  by  3./4J6 
times  fhe  cofangenf  of  fhe  foofh  ang/e. 

L=rrDxcofa 

7 

Addendum 

Divide  1  by  fhe  normal  diamefra/  pifcn. 

s=~k 

8 

Whole  Depth 
of  Tooth 

Divide  2.157  by  fhe  normal  diametral  pitch. 

Z.IS7 

W~     Pn 

3 

Normal  Tooth 
Thickness  at 
Pitch  Line 

Divide  /.S7/  by  fhe  norm  a/  diamefra  /pi  fcf?. 

/.  571 

n~      Pn 

10 

Outside 
Diameter 

Add  twice  fhe  addendum  to  fhe  pitch  diameter. 

0=0+  25 

Explanatory   note  :     Page   27. 
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TABLE  GIVING   LEAD  OF  SPIRAL   FOR   GIVEN  ANGLE— I 


1 

Degr. 

0' 

0'          /2'         /8'        24'        30'       36'   \     42'   \    46'   \    54'        6O' 

0 

1 

L  -  /eacf  for  d/'crmefer  1. 

89 

88 

/nf/n. 
179.  982 

/80O.OO/ 
163.6/6 

899.997 
I49.97S 

599.994 
/38.43S 

449.993 
J28.545 

359.992 
1/9.973 

299.990 
//2.47/ 

2S7./JO 
/05.85I 

224.9S6 
99.967 

/  9  9.  98  3 
94.  702 

/79.98Z 
89.964 

2 
3 

89.904 
59.945 

8S.676 
58.  008 

81.  778 
56.  /9/ 

78.2/9 
54.485 

74.956 
52.879 

71.  954 
5L365 

69J83 
49.934 

66.  6/7 
4S.58/ 

64.235 
47.299 

62.  OI6 
46.O82 

59.945  87 

44.927\86 

4 
S 

44.927 
33.909 

43.827 
35.201 

42.  780 
34.520 

41.  7S2 
33.866 

4O.829 
33.235 

39.9/8 
32.627 

39.046 
32.04O 

38.  2/2 
3t.  475 

37.4/2 
30.928 

36.  645 
3O.4OO 

35.909'  85 
29.  8  90  \  84 

0 
7 

29.890 
25.586 

29.397 
25.222 

28.  919 
24.868 

28.456 
24.524 

28.008 
24.  /8  9 

27.S73 
23.863 

27.  /52 
23.S45 

26>.  743 
23.  236 

26.346 
22.334 

25.96/ 
22.  64O 

2S.S80\  83 
22.354-   82 

8 
9 

22.354 
/9.835 

22.074 
19.6/4 

2I.8O/ 
/9.397 

21.535 
/S./Sf 

2.1.275 
/S.977 

21.  021 
/8.  773 

20.  773 
/8.574 

20.530 
/8.  379 

20.293 
/8./8S 

20.062 
/8.OOO 

/9.S35  8/ 
/7.S/7  80 

10 
// 

17.817 
16.162 

17.637 
/6.0/3 

I7.46O 
/5.S66 

/7.2S7 
/S.722 

S7.//7 
/5.58I 

/6.950 
/S.44I 

16.  787 
/S.306 

/6.626 
/SJ70 

/6.469 
/S.  038 

/<t.3/4 
/4.908 

/6./62^  79 
/4.  7<90\  78 

12 
/3 

/4.  780 
/3.G08 

/4.654 
/3.  500 

/4.530 
/3.394 

/4.409 
S3.  290 

/4.289 
/3./87 

/4J7/ 
/3.08& 

/4.055 
/2.9S6 

/3.940 
/2.S87 

/3.S28 
/2.790 

/3.7/7 
/2.  695 

/3.608  77 
/2.6<?0\  76 

/4 
/5 

/2.600 
//.  726 

/2.307 
//.  643 

S2.4/5 
J/.563 

/2.32S 
//.484 

/2.237 
//.  403 

/2./48 
//.  328 

/2.0G/ 
//.252 

//.97S 
//./77 

//.890 
//.  /02 

//.SC7 
S/.OS9 

//'.  725 
/O.956 

75 

74 

J6 
17 

/0.  9  56 
/O.276 

/0.884 
/O.2/2 

/O.8/3 
/O./49 

/O.  743 
/O.086 

/O.674 
/0.02S 

/  0.606 
9.964 

/O.538 
9.904 

/O.47/ 
9.844 

/0.405 
9.785 

/0.  340 
9.727 

/0.276 
9.669 

73 
72 

/8 
19 

9.669 
9.124 

3.6/2 
9.072 

9.55£ 
9.021 

9.499 
8.971 

9.444 
8.92/ 

9.389 
8.872 

9.335 
8.823 

9.281 

8.774 

9.228 
8.726 

9./76 
8.679 

9./24 
8.63/ 

7/ 

7O 

20 
21 

8.  (53  1 
8J84 

8.585 
8J42 

8.539 
8.099 

8.493 
8.058 

8.447 
8.0/6 

8.403 
7.973 

8.358 
7.935 

3.3/4 
7.894 

S.270 
7.855 

3.227 
7.8/5 

8./S4 
7.776 

69 
68 

22 

23 

7.770 
7.4O/ 

7.737 
7.365 

7.698 
7.330 

7.660 
7.295 

7.622 
7.26O 

7.584 

7.226 

7.547 
7./9/ 

7.5/0 
7./57 

7.474 
7./Z3 

7.437 
7.089 

7.40/ 
7.056 

67 
66 

24 
26 

7.056 
6.737 

7.023 
6.7O7 

6.990 
6.676 

6.958 
6.646 

6.926 
6.6/7 

6.894 
6.586 

6.862 
6.557 

6.830 
6.528 

6.799 
6.499 

6.768 
6.470 

6.737 
6.44/ 

6S 
64 

26 
27 

6.441 
6J66 

6.4/3 
6./39 

6.385 
6.//3 

6.357 
6.087 

6.329 
6.06/ 

6.300 
6.035 

6.274 
6.  OO9 

6.246 
3:984 

6.2/9 
S.959 

6./92 
^.933 

6J0& 
5~.908 

63 
62 

28 
29 

3:908 
£.668 

S.8&4 
5.644 

5.859 
3~.62/ 

5.835 
5.598 

518/0 
S.575 

S.706 
S.553 

5:762 
£.530 

5".  73  8 
5.508 

J-.7/S 
5.486 

5~.69/ 
S.463 

S.660 
5'.44/ 

6/ 
6O 

30 
J/ 

5.44t 
S.22B 

5.420 
5-.208 

5.398 
5./S7 

S.376 
5J67 

5.355 
SI/47 

5.333 
5-J27 

513/2 
S./07 

3~.29/ 
S.087 

5:270 
S.C67 

3~.249 
5~.047 

5.  22  8  \  53 
5:0Z3\5B 

32 
33 

S.028 
4.838 

31008 
4.8/9 

4.989 
4.80/ 

4.969 
4.783 

4.95O 
4.764 

4.93/ 
4.746 

4.9/2 
4.728 

4.894 
4.7  // 

4£7£ 
4.693 

4.856 
4.67S 

4.83B 
4.658 

5-7 
56 

34 

35 

4.658 
4.487 

4.640 
4.47O 

4.623 
4.453 

4.6O5 
4.437 

4.588 
4.42/ 

4.57  / 
4.404 

4.554 
4.388 

4.537 
4.372 

4.520 
4.356 

4.503 
4.340 

4.487 
4.324 

SS 
54 

36 
37 

4.324 
4J69 

4.308 
4./54 

4.292 
4./39 

4.277 
4J24 

4.26/ 
4./09 

4.246 

4.094 

4.230 
4.079 

4.2/5- 
4.065 

4./99 
4,050 

4./S4 
4.036 

4./69 
4.02/ 

53 
3~2 

38 
39 

4.O2/ 
3.880 

4.OO7 

3.S66 

3.992 
3.852 

3.978 
3.838 

3.964 
3.825 

3.950 
3.8  // 

3.935 
3.798 

3.32/ 
3.784 

3.9O7 
3.77/ 

3.893 
3.757 

3.880"  5~/ 
3.744\5V 

40 
41 

3.744 
3.6/4 

3.73  / 
3.60/ 

3.7/8 
3.S89 

3.704 
3.576 

3.69  / 
3.563 

3.678 
3.5S/ 

3.665 
3.S38 

3.652 
3.5Z6 

3.640 
3.3~/4 

3.627 
3.5V/ 

3.6/4\49 
3.489\4& 

42 
43 

3.489 
3.369 

3.477 
3.358 

3.465 
3.346 

3.453 
3.334 

3.44O 
3.322 

3.428 
3.3  // 

3.4/6 
3.299 

3.405 
3.287 

3.393 

3.276 

3.38/ 
3.265 

3.369 
3.253 

47 

46 

44 

3.253 

3.242 

3.23  f 

3.2/9 

3.208 

3./97 

3./S6 

3./7S 

3./64 

3./S3 

3./42 

4S 

GO' 

S4f 

48' 

42' 

36' 

30' 

24' 

/&' 

/2' 

0' 

0' 

o&. 

7o  find  the  lead  forcrg/ren  ang/e  ofsp/ra/,  w/f/?  the  crris  off/?e  work,  n 
in  fhe  Jeff  -hand  co/umn  and  fne  m/nvfes  erf  fne  fop,  and  Me  /ead 
oppos/fe  f  he  number  of  degrees-,  c/r?derf/?e  co/umr?  beaded  fy  f/?e 
To  find  ffte  fecrd  for  a  g/ren  angr/e  of^p'/ra/,  w/f/?&///7e  afr/e7/?f& 
of  ffre  work,  re&d  fhe  degrees  /nffre  r/'gr/?f-/?&/7dco/t//77n  crrtd  fhe  /rt'/rtt 

?ad  fr/e  degrr&es 
w///  &e  found 
gr/y&s?  /7?//7vfes. 
vcr/es  fo  f/?e  &s/s 

'fes  crff/7e£>0tfc>/77. 

Contributed  by  C.  W.  Pitman,  MACHINERY'S  Data  Sheet  No.  93.     Explanatory  note  :     Page  27. 
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TABLE  GIVING  LEAD  OF  SPIRAL  FOR  GIVEN  ANGLE— II 


Deg. 

0' 

6'          /2'  \    /S'    \    2.41      JO'   \    36'      42'   \    48'       S4f  \    6Of 

45 
46 

L  •*  /ecrcf  for  cf/ame  fer  1. 

3J42 
3.034 

3J3/ 
3.023 

3./20 
3.0/3 

3./O9 
3.002 

3.098 
2.992 

3.087 
2.98/ 

3.070 
2.97/ 

3.060 
2.960 

3.055 
2.950 

3.O44 
2.940 

3.  OJ4\  44 
2.930  43 

47 
48 

2.930 
2.829 

2.9/9 
2.8/9 

2.909 
2.809 

2.899 
2.799 

2.889 
2.739 

2.879 
2.779 

2.869 
2.770 

2.859 
2.760 

2.849 
2.75D 

2.839 
2.T4/ 

2.8Z9 
2.T3/ 

42 
4/ 

49 

2.73  / 

2.636 

2.72/ 
2.027 

2.7/2 
2.6/7 

2.702 
2.608 

2.093 
2.599 

2.083 
2.590 

2.074 

2.5  7  7 

2.0S5 
2.J02 

2.045 

2.630\  4O 

2.544\  39 

S2 

2.544 
2.454 

2.535- 
2.440 

2.526 
2.437 

2.5/7 
2.428 

2.508 
2.4/9 

2.499 

2.49O 
2.4O2 

2.393 

2.472 
2.335 

2.463 
2.376 

2.454  38 
2.367\37 

S 

2.367 
2.282 

2.359 
2.274 

2.350 
2.266 

2.342 
2.257 

2.333 
2.249 

2.325 
2.24/ 

2.3/0 
2.233 

2.308 
2.224 

2.299 
2.2/0 

2.29/ 
2.208 

2.282\  36 
2.2OO\3S 

55 

2.200 
2./I9 

2J92 

2./83 
2./03 

2./75 
2.O95 

2.087 

2./S9 
2.079 

2.072 

2./43 
2.064 

2./3S 
2.0S0 

2./27 
2.048 

2.//9 
2.040 

34 
33 

£7 
S8 

2.O4O 
/.9$3 

2.032 
1.955 

2.O25 
/.948 

2.0/7 
/.94O 

2.009 
/.933 

2.00/ 

/.994 

/.980 
/.9/0 

/.903 

/.97/\    /.963 
/.895\   /.888 

32 
3/ 

S9 
60 

/.8/4 

/.830 
/.806 

/.373 

/.805 
L792 

/.858 
/.78S 

L777 

/.845 
/.  770 

/.830 

/.823 

/.749 

/.8/4 

30 
29 

62 

/.74/ 
/.670 

/.734 

/.003 

/.727 

/.720 

/.7/3 

/.7O0 

L099 

/;**/ 

fL0fs 

f.677 

/.670\23 

63 
64 

/.60/ 
/.532 

/.594 
/.525 

/.587 
I.S/9 

LS80 
f.5/2 

/.573 
/.S05 

/.560 

/.559 
L492 

/.553 

J.473 

/.539 

/.S32 
/.465 

20 
2S 

65 
66 

1.465 
1.399 

/.458 
/.392 

/.452 
1.386 

/.445 
/.379 

/.438 
/.372 

/.432 
/.306 

/.425 
/.359 

1.353 

/.340 

/.405 
/.34O 

/.399 
f.334 

24 
23 

67 
68 

/.334 
/.269 

1.327 
/.263 
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RULES  AND  FORMULAS  FOR  WORM  GEARING  CALCULATIONS 


.  Outside  Diam.  (fo  sharp  corners)  "O1  ^ 
•,,  Outside  Diam.  [trimmed)  ,,: 
!j  (<  lbroatDiam__.-g_  ^ 
|jL  Pitch  Diam."  D  jjj 

m, 

131 
S&> 

=^~ 

K/'tAS  o/ 
/^ce  /7/ 

Curva  fare  of  Throaf=U 

igfe  =  <$                                j,^                                 ^     ,3    • 
fr  f]                               \-    «   ^     Jng/e  ofS/def 

^^^^\               ^o!^                           c1    |  ^  r1        ^-ieact^l 
\\\          "1  1'^                           f    ^    \    \    \<-^\"^~w/a 

^\       \\\   ^1     ^^^^^"mw^^ 

f  TooM, 
£ 

'fh  of  Thread  Too/ 
atend^f 

^fe% 

%&-    —~T{        $ 

ffi           T^TN           !>    .JO 

\  \       ' 

if:    i 

///                                                                                                 \e«**n<?fe=(3 

^"^^•-^"5  Threaded  Length 
<-—'-->!     of  Worm  =  §  X 

£g^%^ 

W 

No. 

Jo  Find 

Rule 

Formula 

• 

Linear 
Pitch 

Divide  fhe  lead  by  fhe  number  of  fh  reads.  — 
//  is  understood,  or  course,  that  by  the  number  of 
threads  is  meant"  not  fhe  number  of  threads  per  inch, 
but  the  number  of  threads  in  fhe  who/e  worm-one,'if 
if  is  single  -threaded,  four;ififis  quadrup/e-  threaded^ 

P'-    l 
r    ~  n 

Z 

Addendum  of 
Worm  Tooth 

Multiply  the  linear  pitch  by  O.3/83. 

s=0.3!83P' 

3 

P/fch  Diam. 
of  Worm 

Subtract  twice  the  addendum  from  fhe  out- 
side diameter. 

d^cr-Zs 

4 

Pitch  Diam. 
of  Worm-Wheel 

Multiply  fhe  number  of  teeth  in  fhe  wheel  by  fhe 
linear  pitch  of  fhe  wo  rm,and  divide  f  he  product  ot/3./4f6. 

D~  3.J4/6 

S 

Center  Distance 
between  Worm 
and  Gear 

Add  together  the  pitch  diameter  of  fhe  worm 
and  the  pitch  diameter  of  the  worm-wheel,  and 
divide  fhe  sum  by  2. 

D  +  d 

^          2 

0 

Whole  Depth  of 
Wo'rm  Tooth 

Multiply  fhe  linear  pitch  by  O.  6866. 

w=0.6866P' 

7 

Bottom  Diam. 
of  Worm 

Subtract  twice  fhe  whole  depth  of  tooth  from 
fhe  outside  diameter 

b=o~2w 

8 

Helix  Angle 
of  Worm 

Multiply  the  pitch  diameter  of  fhe  worm  by  3.  14-  /  6, 
and  divide  the  product  by  the  lead'f  fhe  quo  fien  f 
is  the  cotangent  of  fhe  tooth  ang/e  of  the  worm. 

,  ^  3.l4/6d 

1  ~     1 

9 

Widfh  of  Thread 
Tool  at  End 

Multiply  the  linear  pitch  by  0.  31. 

t'=0.3/P' 

10 

Jhroaf  Diam. 
of  Worm-  Wheel 

Add  twice  the  addendum  of  fhe  worm  tooth  to 
the  pitch  diameter  of  the  worm-wheel. 

0=0+  2s 

II 

Radius  ofWornr 
Wheel  Throat 

•    Subtract  twice  fhe  addendum  of  fhe  worm  tooth 
from  half  fhe  outside  diameter  of  fhe  worm. 

U=j?~Zs 

IZ 

Diam.  of 
Worm-Wheel 
to  Sharp 
Corners 

Multiply  the  throat  radius  by  fhe  cosine  of  half 
fhe  face  angle,  subtract  this  quantity  tromfhefhroctf 
radius,  multiply  the  remainder  by  2,  and  add  fhe 
product  to  the  throat  diameter  of  the  worm-wheel. 

0'=  Z  (U-U 

C03  j)  +  0 

13 

Minimum 
Length  of 
Worm  for 
Complete 
Action 

Subtract  four  times  fhe  addendum  of  fhe 
worm  thread  from  the  throat  diameter  of  fhe 
wheel,  square  the  remainder  and  subtracf 
the  result  from  the  square  of  the  throat  d/amefer 
of  the  wheel.      The  sou  a  re  roof  of  the  resu/f 
is  the  minimum  lengrh  of  worm  advisab/e. 

X-Jo*-(0-4s 

)2 

14 

Outside  Diam. 
of  Worm 

Add  together  the  pitch  diameter  and  fw/ce 
the  addendum. 

O-=d+  2s 

15 

Pitch  Diam. 
of  Worm 

Subtract  the  pitch  diameter  of  fhe  worm- 
wheel  from  twice  fhe  center  distance. 

d^ZC-D 

Explanatory   note :     Page    31 
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eter.  Referring  to  the  diagram  for 
values  of  a,  page  12,  follow  a  line  close 
to  the  57-degree  pitch  angle  line,  until 
it  intersects  the  curve  for  2P.  Follow 
from  this  point  the  line  horizontally  to 
the  left  where  a  is  found  to  equal  0.270 
inch.  The  outside  diameter  will  be  the 
sum  of  the  pitch  diameter,  20  inches, 
and  2a,  or  20.54  inches.  Dimension  b 
may  be  found  from  the  same  diagram  in 
the  same  manner,  except  that  the  com- 
plement of  the  pitch  angle  must  be  used 
as  the  starting  point.  The  complement 
angle  of  56  degrees  59  minutes  is  33 
degrees  1  minute,  and  in  the  same  way 
as  above  described  we  find  that  1  = 
0.420  inch. 

For  finding  the  angle  of  increment  we 
follow  the  line  corresponding  to  56  de- 
grees 59  minutes  on  the  diagram  on 
page  13  to  the  fntersecting  point  with 
the  line  radiating  from  zero,  and 
marked  40  teeth.  By  transferring  this 
point  horizontally  over  to  the  scale  for 
the  angles  of  increment  at  the  left,  we 
find  that  this  angle  in  this  case  equals 
2  degrees  23  minutes,  the  units  of  the 
minutes  being  estimated.  This  angle 
added  to  the  pitch  angle  of  56  degrees 
59  minutes  gives  a  face  angle  of  59  de- 
grees 22  minutes.  [MACHINERY,  May, 
1907,  Bevel  Gear  Diagrams.] 

Outside  Diameter  of  Bevel  Gears 

On  pages  14  and  15  are  given  two 
tables  for  determining  the  outside  diam- 
eter of  bevel  gears.  The  explanation  on 
page  14  gives  full  instructions  for  the 
use  of  these  tables  as  well  as  a  concrete 
working  example.  This  short-hand 
method  for  finding  the  outside  diam- 
eters of  bevel  gears  and  pinions  will  be 
found  convenient  in  many  cases,  and 
saves  a  considerable  amount  of  calcula- 
tion, at  the  same  time  as  mistakes  are 
less  likely  to  occur. 

Rules  and  Formulas  for  Spiral 
Gearing1 

The  terms  "spiral"  and  "helical,"  in 
relation  to  gears,  are  used  synonomous- 


ly,  but  only  the  latter  expression-  is  cor- 
rect. However,  the  expression  "spiral 
gear"  is  commonly  used  among  mechan- 
ics in  this  connection.  This  term  is, 
therefore,  used  in  the  following  for  de- 
noting this  class  of  gears. 

The  following  definitions  should  be 
clearly  understood  in  order  to  avoid 
misunderstandings.  The  center  angle  of 
a  pair  of  spiral  gears  is  the  angle  made 
by  the  two  center  lines  or  axes  of  the 
gears.  The  tooth  angle  is  the  angle 
which  the  direction  of  the  tooth  makes 
with  the  axis  of  the  gear.  The  normal 
diametral  pitch  is  the  diametral  pitch 
of  the  cutter  used  for  cutting  the  teeth 
in  a  spiral  gear. 

On  page  17  are  given  a  set  of  rules 
and  formulas  for  calculating  spiral  gear- 
ing. The  notation  used  in  the  formulas 
is  easily  apparent  by  comparing  the 
formulas  with  the  corresponding  rules. 
The  numbers  given  in  the  left-hand  col- 
umn are  only  for  convenience  in  refer- 
ring to  any  specific  rule.  The  rules  and 
formulas  are  given  in  the  same  order  as 
they  would  ordinarily  be  used  by  the 
designer  when  calculating  a  pair  of 
spiral  gears.  The  table  is  arranged 
similar  to  that  for  bevel  gear  dimen- 
sions on  pages  4,  5  and  6.  [MACHINERY'S 
Reference  Series  No.  20,  Spiral  Gearing, 
Chapter  L] 

Lead  of  Spiral  for  Given  Angle 

On  pages  18  and  19  are  given  two 
tables  for  finding  the  lead  of  spiral  in 
inches  when  the  spiral  angle  in  degrees 
and  minutes  is  given.  The  lead  found 
in  the  table  is  for  a  diameter  =  1,  and 
for  other  diameters  the  lead  equals  the 
value  found  in  the  table  multiplied  by 
the  diameter  of  the  work.  As  an  ex- 
ample, assume  that  it  is  required  to  find 
the  lead  corresponding  to  a  spiral  angle 
of  55  degrees  and  a  diameter  of  5  inches. 
From  the  table  on  page  19  we  find  that 
the  lead  for  diameter  1  and  55  degrees 
0  minutes  equals  2.200.  Multiplying  this 
value  by  5  we  have  5  X  2.200  —  11 
(Continued  on  page  31.) 


28 


MACHINERY'S  DATA  SHEETS 
WORM    THREAD    HELIX    ANGLES— I 


No.  6 


Leacf 

of 

Worm, 
Inches 


Pifch  Line  Diameter  of  Worm,  Inches. 


/ 


/I 


ll 


4 


4 


2k 


2- 


4k 


4k 


3k 


7k 


t 


4 


4k 


4k 


3% 


3k 


/./$ 


• 


/2 


io 


10 


s 


14 


// 


,4k 


13 


12 


" 


18 


"2 


II 


,ok 


/ 


IS 


12 


"k 


10 


10 


23 


14 


13 


//I 


II 


,0 


IO 


9k 


23 


21 


IZ 


"Z 


II 


24 


19 


17 


Ifi 


'4k 


13 


Ilk 


1% 


29k 


24 


22 


20$ 


19 


14 


,3k 


IZ 


30% 


23 


20*4. 


19 


IS 


14k 


,3 


13 


32 


27 


2S 


23 


ZO 


19 


/S 


,3% 


30 


Z4 


22k 


Zl 


13 


18% 


17 


16 


38% 


30 


28 


26'% 


23 


2/ 


20% 


,8k 


"I 


17 


38 


3S 


32% 


30^ 


zok 


19k 


43% 


3-r 


35 


32 


28 


27 


24k 


23 


Z2 


Zl 


ZO 


46 


42 


39 


37 


30 


29 


Z6 


24k 


22k 


4S 


39k 


36%. 


34 


32k 


30 


29% 


27 


zek 


24 


Z3 


* 


sok 


47 


43 


41 


36% 


34k 


32 


31 


Z8 


24 


48k 


43 


38% 


3e 


344. 


32 


31 


28k 


27 


26 


42^ 


39% 


36 


34k 


31 


29 


sz 


49 


46% 


43 


39k 


34 


3,k 


30 


28 


sot 


46 


43 


40% 


39 


37k 


34 


32k 


30 


46 


44% 


40$ 


38 


37 


34 


32k 


3,k 


S3k 


48 


46 


43 


40 


38k 


34 


32k 


•54 


49 


47% 


43 


38 


36% 


3S 


33% 


SSg 


S3 


'48% 


44%. 


40 


39k 


37 


3S 


S2 


49% 


42 


40 


39 


36 


Contributed  by  Albert  Clegg.     Explanatory  note  :     Page  32. 


No.  6 


WORM  GEARING 
WORM  THREAD  HELIX  ANGLES— II 


29 


Lead 

of 

Worm, 
Inches 


Pitch  Line  Diameter  of  Worm,  Inches.  (Continued). 


4 


!>I~T  a 

z'8      3 


8 


4 


•'t 


'k 


Ik 


I 


'k 


'I 


4 


2k 


zk 


2k      2 


«* 


3 


4k 


4 


3k 


4 


4 


•t 


t 


\    *\ 


6? 


8k 


0 


/o 


9k 


10k 


9k 


at 


1% 


II 


,0 


i-o 


8k 


II 


IO 


9k 


8 


/2 


I'-i 


II 


,0 


IO 


9k 


2k 


14 


14 


13 


12 


"i 


15 


14k 


12 


"k 


I0 


17 


IS 


,4% 


14 


,zk 


//I 


n 


17 


15 


14 


13 


/3 


20 


19 


,8k 


n 


16 


15 


14k 


,3k 


22 


20% 


'9k 


19 


iak 


14k 


3 


tt 


21 


20k 


19 


7,9 


2,? 


24 


23 


22 


20 


,9k 


,8k 


nk 


4 


25k 


24*4 


23k 


22 


zok 


'9 


,8k 


23 


23 


2/ 


zok 


,9 


,8k 


29 


27 


2<o\ 


25 


24 


22 


zo 


29 


28 


27 


26 


25k 


24 


23 


22k 


2/ 


20k 


20 


30*% 


29 


27 


26% 


Z4 


24 


22 


2,1 


30*4. 


23k 


28^ 


*»* 


23k 


23 


22 


33| 


3'i 


30k 


29% 


27 


25% 


24 


23 


30 


27$ 


Z7 


25 


24k 


23 


Contributed  by  Albert  Clegg.     Explanatory  note :     Page  32. 


so 


MACHINERY'S  DATA  SHEETS 
WORM   THREAD   HELIX   ANGLES— III 


No. 


Lead 

of 

Worm 
Inches 


Pitch  Line  Dfam'efer  of  Worm,  Inches.  (Conf/nveci). 


4% 


5 


4 


fi 


4 


'z 


>z 


>k 


4 


/I 


4 


2k 


aj 


l 


3k 


4 


3 


l 


k 


l 


4k 


4 


A 


l 


4 


7* 


/I 


4 


10 


/o 


l 


i  I 


IZ 


//I 


//J 


9% 


13 


/2 


ii 


/4 


" 


10 


IS 


/3 


/z 


// 


/e 


/3     ' 


/3 


/3 


17 


/e 


/a* 


/8 


17 


16 


/s 


13 


17 


EO 


,9 


19 


"I 


/7 


10k. 


2/ 


20 


ia'% 


/8 


n 


22 


Zl 


20'% 


19 


/7 


22 


ZO       19%     19'% 


Contributed  by  Albert  Clegg.     Explanatory  note  :     Page  32. 


No.  6 
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inches,  which  is  then  the  required  lead 
of  the  spiral. 

If  the  lead  and  the  angle  are  given, 
the  diameter  can  be  found,  and  if  the 
diameter  and  lead  are  given  the  angle 
can  be  found  as  indicated  in  the  notes 
beneath  the  tables.  For  example,  as- 
sume that  the  lead  is  8  inches  and  the 
diameter  5  inches.  Then  divide  the 
given  lead  by  the  given  diameter  and 
find  the  quotient  in  the  body  of  the 
table;  8  4-  5=;  1.6.  The  angle  corre- 
sponding to  this  lead,  which  is  the  lead 
for  diameter  1,  is  found  in  the  table 
on  page  19  to  equal  63  degrees  very 
nearly. 

Assume  that  a  spiral  angle  of  75  de- 
grees 30  minutes  and  a  lead  of  4.06 
inches  are  given.  Then  the  diameter  is 
found  by  dividing  the  given  lead  4.06 
with  the  value  of  L  corresponding  to 
75  degrees  30  minutes  as  given  in  the 
table,  this  value  being  0.812.  The  diam- 
eter then  equals  4.06  -f-  0.812  =  5  inches. 

Constants  for  Calculating1 
Spiral  Gears 

The  calculation  of  spiral  gears  is  a 
time-consuming  operation^  and  any 
short-cuts  or  labor-saving  methods  are 
eagerly  accepted  by  designers.  On  pages 
20  to  23,  inclusive,  are  given  constants 
for  calculating  spiral  gears,  the  use  of 
which  will  materially  reduce  the  time 
necessary  for  the  computation  of  the 
angles  and  dimensions  of  spiral  gears. 
The  body  of  the  tables  gives  constants 
Ct  (=  center  distance  of  shafts  per 
tooth  of  pinion)  for  each  speed  ratio 
given,  the  shafts  being  at  right  angles, 
while  factors  U,  F  and  L  are  equally 
applicable  to  gears  on  shafts  at  any 
angle.  The  constants  for  unit  diam- 
eter of  gear  per  tooth,  U,  and  for  unit 
center  distance  per  tooth  of  fastest  run- 
ning gear,  Ct,  are  calculated  for  gears 
cut  with  spur  gear  cutters  of  one  diam- 
etral pitch.  For  any  other  pitch,  divide 
the  constant  by  the  diametral  pitch  of 
the  cutter  used.  The  factors  Ct  given 
in  the  body  of  the  tables  are,  it  should 


'be,  uptffd,  p£>r  ^tocjUi  ;6f,  taest  running 
gear,  or  gear  having  the  'smallest  num- 
ber of  teeth.  All  factors  are  given  for 
each  degree  from  12  to  78  degrees  of 
angle  of  tooth  helix.  While  strict  ac- 
curacy would  require  interpolation,  for 
angles  including  a  fractional  part  of  a 
degree,  test  calculations  have  shown 
that  a  simple  proportional  value  be- 
tween the  factors  is  sufficiently  accurate 
to  meet  all  practical  requirements.  The 
examples  of  the  use  of  the  tables  given 
directly  beneath  them,  together  with  the 
formulas  in  the  explanatory  note  on 
page  20  will  make  the  use  of  the  tables 
clear.  [MACHINERY,  December,  1908, 
Constants  for  Calculating  Helical 
Gears.] 

Cutters  for  Milling1  Spiral  Gears 

A  convenient  diagram  for  finding  the 
cutters  for  milling  the  teeth  of  spiral 
gears  is  given  on  page  24,  together  with 
a  complete  description  of  the  method  of 
using  the  diagram.  As  the  formula  for 
finding  the  cutter  to  use  involves  the 
cosine  of  the  tooth  angle  in  the  third 
power,  and  hence  requires  considerable 
calculation,  the  simplicity  of  the  use 
of  this  diagram  will  be  appreciated. 

Dimensions  of  Worm  Gearing 

In  giving  names  to  the  dimensions  of 
the  worm,  there  is  one  point  which 
sometimes  causes  confusion.  This  re- 
lates to  the  definitions  of  the  terms 
"pitch"  and  "lead."  The  word  "lead" 
means  the  distance  which  a  given  thread 
advances  in  one  revolution  of  the  worm, 
while  the  "pitch,"  or  more  strictly,  the 
"linear  pitch,"  is  the  distance  from  cen- 
ter to  center  of  two  adjacent  threads. 
It  is  evident  that  the  lead  and  linear 
pitch  are  equal  for  a  single-threaded 
worm;  for  a  double-threaded  worm  the 
lead  is  twice  the  linear  pitch,  and  for  a 
triple-threaded  worm  it  is  three  times 
the  linear  pitch. 

When   the   number    of   threads    in    a~ 
worm    is    spoken    of,    the    number    of 
threads  per  inch  is  not  referred  to,  but 
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the  numbefc ,  of..  to.*ead£r  ia:  the  whote 
worm,  that  is,  one  if  it  is  single- 
threaded,  four  if  it  is  quadruple-thread- 
ed, etc. 

On  page  25  are  given  rules  and  formu- 
las for  the  calculations  of  the  dimensions 
of  worm  gearing,  arranged  in  a  manner 
similar  to  the  rules  for  bevel  gearing 
on  pages  4  and  5.  The  numbers  in 
the  columns  to  the  left  are  given  for 
convenience  in  referring  to  the  various 
rules  and  formulas  only.  The  notation 
used  in  the  formulas  is  easily  deter- 
mined by  a  comparison  with  the  rules 
written  out  in  words.  On  page  26 
is  given  a  table  for  worms  and  worm 
gearing  in  general,  giving  calculated 
values  for  the  various  dimensions.  The 
formulas  given  at  the  head  of  the  col- 
umns of  dimensions  are  those  by  means 
of  which  the  dimensions  below  have 
been  calculated. 

The  rules  given  on  page  25  are  some- 
times departed  from.  The  throat  diam- 
eter of  the  wheel  and  the  center  dis- 
tance may  have  to  be  altered  in  some 
cases.  For  example,  if  worm-wheels 
with  small  numbers  of  teeth  are  made 
to  the  dimensions  found  from  the  rules 
and  formulas,  it  will  be  found  that  the 
flanks  of  the  teeth  will  be  partly  cut 
away  by  the  tops  of  the  hob  teeth,  so 
that  a  full  bearing  area  is  not  available. 
This  latter  affects  the  worm-wheel 
drive  seriously  when  there  are  less  than 
twenty-five  teeth  in  the  worm-wheel. 
There  are  two  ways  of  avoiding  this 
difficulty.  One  may  increase  the  in- 


cluded angle  of  the  sides  of  the  thread- 
tool  by  which  the  hob  is  cut.  This  de- 
parture from  the  standard  form,  how- 
ever, may  be  avoided  by  an  increase  in 
the  throat  diameter  of  the  wheel,  and 
consequently  in  the  center  distance. 
Some  designers,  again,  claim  to  obtain 
better  results  in  efficiency  and  durabil- 
ity by  making  the  throat  diameter  of 
the  worm-wheel  smaller  than  standard, 
when  it  is  possible  to  do  so  without  too 
much  under-cutting.  In  no  case,  how- 
ever, should  the  throat  diameter  ever 
be  made  so  small  as  to  produce  more 
interference  than  is  met  with  in  a 
standard  25-tooth  worm-wheel.  [MA- 
CHINERY, August,  1907,  Calculating  the 
dimensions  of  Worm  Gearing;  MA- 
CHINERY'S Reference  Series  No.  1,  Worm 
Gearing,  Chapter  I.] 

Worm  Thread  Helix  Angles 
In  the  body  of  the  tables  on  pages 
28  to  30  are  given  the  approximate  an- 
gles of  the  thread  of  worms  when  the 
lead  of  the  worm  and  the  pitch  line 
diameter  of  the  worm  in  inches  are 
given.  For  example:  If  the  lead  of 
the  worm  js  one  inch  and  its  pitch  line 
diameter  2  inches,  then  the  angle  of 
helix  is  approximately  9  inches,  as 
shown  in  the  table  on  page  28.  These 
tables  can,  of  course,  be  used  in  a  re- 
verse order.  If  the  angle  in  degrees  and 
the  pitch  line  diameter  are  known,  the 
approximate  lead  may  be  found,  and  if 
the  lead  and  angle  are  known  the  ap- 
proximate diameter  may  be  located. 


YC  ^827 


UNIVERSITY  OF  CALIFORNIA  LIBRARY 


Wo.  16.  Machine  Tool  Drives.— Speeds 
and  Feeds  of  Machine  Tools;  Geared  or 
Single  Pulley  Drives;  Drives  for  High 
Speed  Cutting  Tools. 

No.  17.  Strength  of  Cylinders— For- 
mulas, Charts,  and  Diagrams. 

No.  18.  Shop  Arithmetic  for  the  Ma- 
chinist.— Tapers;  Change  Gears;  Cutting 
Speeds;  Feeds;  Indexing;  Gearing  for  Cut- 
ting Spirals;  Angles. 

No.  19.  Use  of  Formulas  in  Mechanics. 
— With  numerous  applications. 

No.  20.  Spiral  Gearing. — Rules,  Formu- 
las, and  Diagrams,  etc. 

No.  21.  Measuring  Tools. — History  and 
De velopment  of  Standard  Measurements; 
Special  Calipers;  Compasses;  Micrometer 
Tools;  Protractors,  etc. 

No.  22.  Calculation  of  Elements  of 
Machine  Design. — Factor  of  Safety; 
Strength  of  Bolts;  Riveted  Joints;  Keys 
and  Key  ways;  Toggle-joints. 

No.  23.  Theory  of  Crane  Design — Jib 
Cranes;  Calculation  of  Lhaft,  Gears,  and 
Bearings;  Force  Required  to  Move  Crane 
Trolleys;  Pillar  Cranes. 

ZTo.  24.  Examples  of  Calculating  De- 
signs.— Charts  in  Designing;  Punch  and 
Riveter  Frames;  Shear  Frames;  Billet 
and  Bar  Passes;  etc. 

No.  25.  Deep  Hole  Drilling. — Methods 
of  Drilling;  Construction  of  Drills. 

No.  26.     Modern    Punch    and    Die    Con- 
struction.— Construction  and   Use  of  Sub- 
press    Dies;    Modern    Blanking    Die    Con- 
struction; Drawing  and  Forming  Dies. 

No.  27.  locomotive  Design,  Part  I. — 
Boilers,  Cylinders,  Pipes  and  Pistons. 

No.  28.  locomotive  Design,  Part  II. — 
Stephenson  Valve  Motion;  Theory,  Calcu- 
lation and  Design  of  Valve  Motion;. The 
Walschaerts  Valve  Motion. 

No.  29.  locomotive  Design,  Part  III. 
— Smokebox;  Exhaust  Pipe;  Frames; 
Cross-heads;  Guide  Bars;  Connecting-rods; 
Crank-pins;  Axles;  Driving-wheels. 

No.  30.  locomotive  Design,  Part  IV. — 
Springs,  Trucks,  Cab  and  Tender. 

No.  31.     Screw  Thread  Tools  and  Gages. 

No.  32.  Screw  Thread  Cutting.— Lathe 
Change  Gears;  Thread  Tools;  Kinks. 

No.  33.  Systems  and  Practice  of  the 
Drafting-Boom. 

No.  34.  Care  and  Repair  of  Dynamos 
and  Motors. 

No.  35.  Tables  and  Formulas  for  Shop 
and  Drafting-Boom. — The  Use  of  Formu- 
las; Solution  of  Triangles;  Strength  of 
Materials;  Gearing;  Screw  Threads;  Tap 
Drills;  Drill  Sizes;  Tapers;  Keys;  Jig 
Bushings,  etc. 

No.  36.  Iron  and  Steel.— Principles  of 
.Manufacture  and  Treatment. 


Grinding 


Tooth  Outlines;   Strength  and 
Design;  Methods  of  Cutting  Teeth. 

No.  38.     Grinding     and 
chines. 

No.  39.     Fans,  Ventilation  and  Hea: 

— Fans;  Heaters;  Shop  Heating. 

No.  40.     Fly- Wheels.— T  heir    Pu, 
Calculation  and  Design. 

No.  41.      Jigs    and    Fixtures,    Part 
Principles    of    Jig    and    Fixture    Design 
Drill   and   Boring  Jig  Bushings;    L,ocatint 
Points;  Clamping  Devices. 

No.  42.  Jigs  and  Fixtures,  Part  II.— 
Open  and  Closed  Drill  Jigs. 

No.  43.  Jigs  and  Fixtures,  Part  III. — 
Boring  and  Milling  Fixtures. 

No.  44.  Machine  Blacksmithing. — Sys- 
tems, Tools  and  Machines  used. 

No.  45.  Drop  Forging.  —  Lay-out  of 
Plant;  Methods  of  Drop  Forging;  Dies. 

No.  46.  Hardening  and  Tempering. — 
Hardening  Plants;  Treating  High-Speed 
Steel;  Hardening  Gages;  Hardening 
Kinks. 

No.  47.  Electric  Overhead  Cranes. — 
Design  and  Calculation. 

No.  48.  Files  and  Filing. — Types  of 
Files;  Using  and  Making  Files. 

No.  49.  Girders  for  Electric  Overhead 
Cranes. 

No.  50.  Principles  and  Practice  of  As- 
sembling Machine  Tools,  Part  I. 

No.  51.  Principles  and  Practice  of  As- 
sembling Machine  Tools,  Part  II. 

No.  52.  Advanced  Shop  Arithmetic  for 
the  Machinist. 

No.  53.  Use  of  logarithms  and  logar- 
ithmic Tables. 

No.  54.  Solution  of  Triangles,  Part  I. 
— Methods,  Rules  and  Examples. 

No.  55.  Solution  of  Triangles,  Part  II. 
— Tables  of  Natural  Functions. 

No.  56.  Ball  Bearings. — Principles  of 
Design  and  Construction. 

No.  57.  Metal  Spinning. — M  a  c  h  i  n  e  s, 
Tools  and  Methods  Used. 

No.  58.  Helical  and  Elliptic  Springs.— 
Calculation  and  Design. 

No.  59.  Machines,  Tools  and  Method 
of  Automobile  Manufacture. 

No.  60.  Construction  and  Manufacture 
of  Automobiles. 

No.  61.  Blacksmith  Shop  Practice. — 
Model  Blacksmith  Shop;  Welding;  Forg- 
ing of  Hooks  and  Chains;  Miscellaneous 
Appliances  and  Methods. 

No.  62.  Hardness  and  Durability  Test- 
ing of  Metals. 

No.  63.  Heat  Treatment  of  Steel.— 
Hardening,  Tempering  and  Case-Harden- 
ing. 

No.  64.     Gage  Making  and  lapping. 

No.  65.  Formulas  and  Constants  for 
Gas  Engine  Design. 


No.  37.     Bevel       Gearing. — Rules       and 

•'••  Formulas;       Examples       of       Calculation; 

MACHINERY-,  the  monthly  mechanical  journal,  originator  of  the  Reference  and 
.  Data  Sheet  Series,  is  published  in  four  editions — the  Shop  Edition,  $1.00  a  year; 
the  Engineering  Edition,  $2.00  a  year;  the  Railway  Edition,  $2.00  a  year,  and  the 
Foreign  Edition,  $3.00  a  year. 

The  Industrial  Press,  Publishers  of  MACHINERY, 
49-55  Lafayette  Street,  New  York  City,  U.  S.  A. 


